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Molecular biology by numbers ..... two 
T wo is the fundamental number for genetics; all of us are the products 
of single zygotic events but the zygote 
is formed from two gametes, and two 
different sets of chromosomes make 
up our genomes. When I first learnt 
genetics, it was about diploids, and 
meiosis and the generation of haploid 
gametes was central to its 
understanding. Incidentally, lacking a 
classical education, I thought haplo 
came from some Greek word meaning 
half, and, of course, half of two is one, 
so I thought hey could have called it 
monoploid. Later I discovered that 
haplo does come from a Greek word, 
but it means ingle or simple. 
Those of us who entered bacteriophage netics with a 
biological background had to unlearn all the genetics we 
knew and adapt o the genetics of organisms with single 
(haploid) genomes. The physicists, knowing no biology, 
had a much easier time. At that time, there were strong 
doubts that viruses could be said to have any genetics at 
all, and Delbriick even ascribed genetic exchange 
between phages to some kind of directed mutation. 
Hershey got it right and called it recombination. Much 
the same confusion bedevilled early bacterial genetics, 
but with the discovery of Hfr strains and the elucidation 
of the mechanisms of genetic exchange by Hayes and 
Wollman and Jacob, E. coli not only had genetics but sex 
as well. We had males, females and mating; there were 
zygotes and segregants.There w re in fact diploids, but 
these were incomplete and temporary. Later, with 
episomes, true diploids could be constructed and E. coli 
genetics did begin to look more and more like the old 
genetics we had all forgotten. There were geneticists 
working with yeast and Neurospora with well studied 
sexual cycles, but the diploid phase was only a brief stage 
in the life histories of these organisms and could be safely 
ignored. Generations of students came to learn genetics 
through haploid organisms, and terms such as leptotene, 
meiosis, gametes and polar bodies disappeared. 
Then we all turned to higher organisms and everybody 
had to learn diploid genetics and come to terms with 
heterozygotes and the difficulties of finding recessive 
mutants. Fortunately, I alighted on Caenorhabditis elegans, 
which is a self-fertilizing hermaphrodite with rare males, 
essentially giving all the benefits of haploid genetics in a 
diploid organism. The fact that it is driven to 
hom0zygosity makes it sensible to talk about a single 
genome structure in the same way as we can talk about 
the single genome of yeast or E. coll. Nowadays, with 
techniques of DNA cloning and transgenesis, we can do 
the genetics of almost everything and we are no longer 
bound by the tyranny of life cycles. 
Many years ago, when the late David Marr joined our 
group in Cambridge, we began to think about theoretical 
and computational biology between sessions of struggling 
with a computer and gluing pieces of paper tape together. 
One of the mathematicians who had attached himself to 
our group wrote a paper on population growth of 
theoretical organisms with more than two sexes. Quite 
apart from some ribald speculation on the anatomy, 
physiology and ethology of the reproductive process, we 
had to be concerned with the chromosomes and how sex 
would be determined. For n = 3 sexes, the organisms 
need to be triploids, with reduction to haploids in each 
case and with the triploid genome reconstructed in one 
act of conjugation. When n is large, say 15, there needs to 
be some kind of orgy. There are of course alternatives: the 
three-sex organisms could be tetraploids and produce one 
diploid and two haploid gametes; then, in sex 1, only the 
diploids survive, in sexes 2 and 3, only one of the haploids 
survives. We can imagine sequential mating as well, and, 
of course, if we have parthenogenesis and hemaphroditism 
too, the possibilities become very large. The exercise for 
five sexes is left to the reader but regrettably 
implementation must await the genetic engineer of 2053. 
Two is also the important number for molecular 
genetics. The double helix, with its base pairs and its two 
inventors, Watson and Crick, is an icon permanently 
embodying this number. The structure incorporates the 
notion of two-fold symmetry with the dyad at the side, 
perpendicular to the long axis of the molecule. It is hard 
to explain rotational symmetry with our bodies, and 
hand-waving will not do because we have the wrong 
kind of hands. Our hands are bilaterally (mirror) 
symmetrical nd we need two hands of the same kind, 
that is, two people. A handshake is exactly right, and one 
should avoid drawing triangles or squares to illustrate 
symmetry. I once wanted to test whether students who 
could give a perfect ext-book description of DNA really 
understood it, so I asked two questions. One was: a base 
pair is removed from DNA; in how many ways can it be 
replaced? Most answered one, but the correct answer is 
two; the way you took it out, and turned over. The 
second question did not have much to do with 
symmetry but was: what lies between the bases? I got all 
kinds of answers - -  air, water, electrons, vacuum and so 
on. The correct answer is nothing: the bases are 3.3 
thick and the students had been misled by models which 
used flat metal plates to depict the bases. I sent them off 
to read a paper on the crystal structure of anthracene. 
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In most traditions, the number two implies discord, 
division and disunity, as may be seen in such words as 
doubt (Zweifel in German) and duplicity. Two has always 
been seen as reflecting the breakup of some primordial 
unity. In biology, two is the only way by which a new 
unity can appear and it gives rise to constant renewal. We 
can say: two be or (in the haploid case) not two be. 
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